ABSTRACT. Objective. Breast milk jaundice is a common problem in nursing infants. It has been ascribed to various breast milk substances, but the component or combination of components that is responsible remains unknown. During our study of defects of the bilirubin uridine diphosphate-glucuronosyltransferase gene (UGT1A1) in patients with hereditary unconjugated hyperbilirubinemia (Crigler-Najjar syndrome and Gilbert's syndrome) and neonatal hyperbilirubinemia, we encountered a prolonged case associated with breastfeeding; after cessation of breastfeeding, the infant's bilirubin level became normal. Genetic analysis revealed a missense mutation identical to that found in patients with Gilbert's syndrome, which usually causes jaundice after puberty. We analyzed the bilirubin UGT1A1 of infants with prolonged unconjugated hyperbilirubinemia associated with breast milk to ascertain whether genetic factors are involved.
tion (A(TA)7TAA). One had a heterozygous mutation in an enhancer region (C3 A at ؊1353). We did not detect a homozygous A(TA)7TAA mutation, which was the most common cause of Gilbert's syndrome in European population, in this study of Japanese infants with prolonged hyperbilirubinemia triggered by breast milk.
Conclusions. The results indicate that defects of UGT1A1 are an underlying cause of the prolonged unconjugated hyperbilirubinemia associated with breast milk. One or more components in the milk may trigger the jaundice in infants who have such mutations. The mutations we found were identical to those detected in patients with Gilbert's syndrome, a risk factor of neonatal nonphysiologic hyperbilirubinemia and a genetic factor in fasting hyperbilirubinemia. Pediatrics 2000;106(5). URL: http://www.pediatrics.org/cgi/content/full/106/5/ e59; prolonged unconjugated hyperbilirubinemia, breast milk jaundice, bilirubin uridine diphosphate-glucuronosyltransferase gene, UGT1A1, infant, Gilbert's syndrome.
ABBREVIATIONS. BMJ, breast milk jaundice; UGT1A1, bilirubin uridine diphosphate-glucuronosyltransferase gene. B reast milk jaundice (BMJ) was first described in 1963 1, 2 and is a problem that pediatricians frequently encounter in nursing infants. BMJ is characterized by prolonged unconjugated hyperbilirubinemia in otherwise healthy infants, is related to ingestion of breast milk, and often results in serum bilirubin levels Ͼ171 mmol/L (10 mg/dL), with danger of brain damage in severe cases. 3 The condition has been ascribed to breast milk components such as pregnane-3␤,20␣-diol, 4 nonesterified fatty acids, 5 and glucuronidase, 6 but it is not known exactly which component or combination of components is responsible. [7] [8] [9] During our study of defects of the bilirubin uridine diphosphate-glucuronosyltransferase gene (UGT1A1) in patients with hereditary unconjugated hyperbilirubinemia (Crigler-Najjar syndrome and Gilbert's syndrome) 10, 11 and neonatal hyperbilirubinemia, 12 we encountered a prolonged case associated with breastfeeding; after cessation of breastfeeding, the infant's bilirubin level became normal. Genetic analysis revealed a missense mutation identical to that found in patients with Gilbert's syndrome, which usually causes jaundice after puberty. 13 Furthermore, Grunebäum et al 14 suggested that there may be a genetic factor in the cause of BMJ. Here, we analyzed UGT1A1 in Japanese infants with the pro-longed unconjugated hyperbilirubinemia associated with breast milk and showed that missense mutations of the gene are an underlying cause of the condition; breast milk may trigger the hyperbilirubinemia in carriers of such mutations.
METHODS

Patients
We analyzed 17 Japanese infants who developed prolonged apparent jaundice and had total serum bilirubin concentrations above 171 mol/L (10 mg/dL) after the third week of life (Table  1 ). All the infants were nursed with breast milk. Six cases were discovered during the third to fourth week of life when the parents visited our office concerned about the prolonged jaundice (cases 1, 6, 8, 9, 12, and 15) . Prolonged jaundice in the other 11 infants was detected at an obligatory health check 1 month after birth (cases 2-5, 7, 10, 11, 13, 14, 16, and 17). Their total and indirect acting bilirubin concentrations ranged from 176 to 543 mmol/L and from 164 to 533 mmol/L, respectively. The direct reacting bilirubin concentrations ranged from 1.8% to 8.7% of the total and the direct Coombs' test was consistently negative. In all the patients, reticulocyte counts were below 20‰ and thyroidstimulating hormone concentrations were below 4 U/mL. Thus, except for jaundice, the infants were healthy and did not show evidence of hemolytic anemia, liver dysfunction, or hypothyroidism. After cessation of breastfeeding, the serum bilirubin concentration began to decrease in all cases. When breastfeeding was resumed, serum bilirubin concentration again became elevated in some infants, but the concentration fell to within normal range (8.55-12.2 mmol/L), or jaundice disappeared visually for all infants by 4 months of age.
Sequence Analysis of UGT1A1
Genomic DNA was isolated from the leukocytes of patients with the informed consent of the relevant parties. Amplification of exons and of the promoter region of UGT1A1 by polymerase chain reaction from genomic DNA has been described elsewhere. 12, 15 The distal element in the enhancer region of UGT1A1 was amplified by a primer pair of 5Ј-CTCTAAGCACATCCCCAAGTA-3Ј/ 5Ј-TAAGCAAGTTTCCATCCTTCA-3Ј. 16 The sequences of the amplified DNA fragments were determined directly by use of primers. [15] [16] [17] 
RESULTS
Sixteen of the 17 infants had at least 1 UGT1A1 mutation (Table 2) . Fifteen had missense mutations.
Seven were homozygous for the identical transition mutation at nucleotide number 211 in exon 1; the substitution of adenine for guanine changed the codon from GGA to AGA, causing arginine to replace glycine at position 71 of the corresponding protein (G71R). One infant homozygous for G71R was heterozygous for a transversion mutation at nucleotide number 1456 in exon 5; the substitution of guanine for thymine changed the codon from TAC to GAC, causing aspartic acid to replace tyrosine at position 486 of the corresponding protein (Y486D). Six infants were heterozygous for G71R. One was heterozygous for G71R and a TATA box mutation (A(TA)7TAA). None of the infants was homozygous for the latter mutation (Table 2) , although a homozygous mutation in the TATA box has been reported and has been shown to cause Gilbert's syndrome. 18 No additional mutations were detected in exons 2 through 4. Case 5 was heterozygous for a mutation in the enhancer region: the distal element 16 at Ϫ1353 from the initiation codon as ϩ1 changed from C to A (C3 A at Ϫ1353). The remaining case (case 14) had no mutation in either the promoter or the coding regions of UGT1A1. A review of the medical records showed that, in addition to BMJ, all patients except for 1 (case 16) had nonphysiologic neonatal hyperbilirubinemia during the first postpartum week and had received phototherapy.
DISCUSSION
Fifteen of the 17 cases of the prolonged unconjugated hyperbilirubinemia associated with breast milk had missense mutations of the bilirubin UGT1A1 gene (Table 2) . Missense mutations identical to those found in the infants with the hyperbilirubinemia were also detected in our previous studies for Gilbert's syndrome and Crigler-Najjar syndrome type II. 10, 11, 19 G71R is the most common missense mutation we found in our analyses, 10 and it corresponds to a UGT1A1 polymorphism in the Jap- anese population (the allele frequency is .16). 12 G71R may be the most common UGT1A1 mutation in Asians. 20 Recently we revealed the mutation to be a genetic basis of fasting hyperbilirubinemia. 21 In our in vitro expression study the G71R form of the enzyme had 32% and 60% of normal activity in the homozygous and heterozygous states, respectively. 22 Our recent study of neonatal hyperbilirubinemia showed that heterozygous G71R was a risk factor for elevated serum bilirubin levels in the early neonatal period. 12 Indeed, as noted earlier, 16 of the 17 infants in this study had nonphysiologic neonatal hyperbilirubinemia during the first postpartum week.
No specific component or combination of components in breast milk has been demonstrated to be the cause of BMJ, although extensive investigations have been conducted since BMJ was first described. In contrast, bilirubin UGT1A1 activity in early infancy is Ͻ1% of the adult activity, which is reached by 3 months of age. 23 BMJ is usually observed before 3 months of age and then disappears even if breastfeeding is continued, implying a close relationship between BMJ and enzyme activity. Those facts and our present results suggest that the UGT1A1 mutations detected in this study may be an underlying cause of BMJ and that breast milk component(s) may trigger BMJ in neonates who have those mutations.
We found a mutation of the distal element in the enhancer region (Table 2, case 5) that had been reported previously. 16 Although our in vitro expression study demonstrated that the C3 A mutation at Ϫ1353 of the element decreased transcriptional activity of UGT1A1 to ϳ85% of normal, 16 it is uncertain whether the mutation would cause the elevation of serum bilirubin level in this case.
Recently, a homozygous 2-basepair insertion mutation in the TATA box (A(AT)7TAA) has been reported to be a contributory factor for prolonged neonatal jaundice. 24 We did not detect that mutation, however, in this study of Japanese infants with prolonged hyperbilirubinemia triggered by breast milk. The G71R polymorphism has only been observed in East Asians, 12, 20 and our latest study revealed that G71R but not A(TA)7TAA is a risk factor for nonphysiologic neonatal hyperbilirubinemia. 12 Furthermore, the frequency of the A(TA)7TAA allele is considerably lower in the Japanese population (.107-.15) 12, 16 than in the European population (.4). 25 Thus, we might not detect homozygous A(TA)7TAA in Japanese infants with BMJ.
Mild BMJ is not a clinically significant problem, and we did not analyze infants with mild jaundice in this study. The analysis of more severe BMJ, however, revealed that 8 of 17 neonates (47%) were homozygous and 7 (41%) were heterozygous for missense mutations of UGT1A1. In our previous study of Japanese cases with Gilbert's syndrome, most (93%) of the patients with missense mutations were heterozygotes. 10 Furthermore, there is a G71R UGT1A1 polymorphism among Japanese. 12 These facts suggest that mild BMJ may also be associated with the missense mutation of UGT1A1 and may be an infantile phenotype of Gilbert's syndrome. Analysis of UGT1A1 in infants with moderate to severe prolonged unconjugated hyperbilirubinemia associated with ingestion of breast milk would help differentiate this condition from Crigler-Najjar syndrome.
CONCLUSION
We suggest that an underlying cause of prolonged unconjugated hyperbilirubinemia associated with breast milk is mutations in UGT1A1 and that the hyperbilirubinemia may be an infantile and inducible phenotype of Gilbert's syndrome. We are following the serum bilirubin concentrations of these cases to further elucidate the relationship between BMJ and Gilbert's syndrome. 
